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Reliability of Masked Priming 1 
 
Abstract 
Despite the robustness of the semantic priming effect (e.g., facilitated recognition for cat – 
DOG, compared to bat - DOG), the test-retest and internal reliabilities of semantic priming 
effects within individuals are surprisingly low (Stolz, Besner, & Carr, 2005). In contrast, 
repetition priming effect (e.g., facilitated recognition for dog – DOG, compared to bat - 
DOG) appears to be far more reliable across a range of conditions (Waechter, Stolz, & 
Besner, 2010). While Stolz and colleagues attribute the low reliability associated with 
semantic priming to uncoordinated automatic processes in semantic memory, their reliance 
on unmasked priming paradigm makes it unclear the extent to which reliability in priming (or 
the lack thereof) reflects strategic processes. The present study focuses on the test-retest and 
split-half reliabilities of the automatic mechanisms that putatively support semantic and 
repetition priming in a large-scale study of two hundred and forty participants in a within-
participant design. Specifically, the reliabilities of semantic and repetition priming when 
primes are heavily masked and cannot be consciously processed were explored. To my 
knowledge, this question has not been explored in the literature. Results showed that although 
group-level masked repetition and semantic priming effects were statistically significant, in 
line with the literature, only masked repetition, but not semantic, priming effect showed 
reliability. Additionally, the closely related question of how individual differences in masked 
repetition and semantic priming are associated with variability in vocabulary knowledge and 
spelling performance is investigated. Across a series of converging analyses, skilled readers 
are found to be associated with larger priming effects, but this pattern holds only for masked 
repetition, not semantic, priming. The results of this study have shed more light on the 
mechanisms supporting semantic and repetition priming in visual word recognition and also 
have important implications for the study of individual differences in priming performance.  
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Reliability of masked repetition and semantic priming effects, and the moderating 
influence of individual differences 
The processes that support the recognition of visually presented words have been 
extensively studied, given that these processes are a critical aspect of skilled reading. For 
example, dyslexia (i.e., learning difficulties specific to word reading) is usually associated 
with deficits in word processing (Seidenberg & McClelland, 1989). Since the pioneering 
work by Cattell (1886), researchers have amassed a vast amount of information regarding 
how the statistical properties of words (e.g., word frequency, number of letters, subjective 
familiarity) influence the recognition of words (see Balota, Cortese, Sergent-Marshall, 
Spieler, & Yap, 2004, for a review). Generally, word recognition performance is assessed 
using tasks such as lexical decision (i.e., classify letter strings as words or nonwords) or 
speeded pronunciation (i.e., read a letter string aloud as fast as possible).  
In addition to studies exploring the recognition of words presented in isolation, 
context effects on word recognition have also been widely studied via priming paradigms. In 
such paradigms, participants are typically presented with word pairs, with the first item or 
“prime” serving to establish some type of context, and the second item or “target” either 
fitting or not fitting with the prime context (Holcomb, Reder, Misra, & Grainger, 2005). 
Priming refers to an increased sensitivity to certain stimuli as a function of the context, and 
such priming can either facilitate (i.e., speed up) or inhibit (i.e., slow down) the recognition 
of target words (McNamara, 2005). The major goals of the present study are to examine the 
reliability of these contextual effects and to determine whether they are moderated by 
important individual differences among readers. 
Types of Priming 
 As mentioned above, in typical priming experiments, two letter strings are presented 
consecutively with the experimenter manipulating the relationship between the two letter 
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strings. In the literature, primes can be orthographically (couch – TOUCH), phonologically 
(much – TOUCH), morphologically (touching – TOUCH), or semantically (feel – TOUCH) 
related to the target word. Primes can also be identical to the target word (touch – TOUCH); 
this is known as repetition priming. In addition, researchers have the option of presenting 
primes visibly (unmasked priming) or presenting the primes too briefly for conscious 
perception (masked priming; Humphreys, Besner, & Quinlan, 1988). The major advantage of 
masked priming is that participants are unaware of the relationship between the target and the 
prime, thereby reducing the likelihood of performance being contaminated by strategies 
(Forster, 1998). Therefore, masked priming serves as a powerful tool for exploring early, 
relatively modular lexical processes.  
There is compelling evidence that experimental effects can be moderated by whether 
there is conscious awareness of the prime. For example, when a target is preceded by a 
substitution-letter prime (i.e., where one letter is different, e.g., bontrast – CONTRAST), word 
recognition is facilitated relative to an unrelated baseline when the prime is masked (Forster, 
Davis, Schoknecht, & Carter, 1987) but inhibited when the prime is unmasked (Colombo, 
1986). Upon the presentation of masked primes, lexical representations of words that look 
similar to the substitution-letter primes will be activated and this pre-activation facilitates 
target recognition. However, when participants are aware of the prime, prime presentation 
leads to the conscious generation of possible targets (i.e. word neighbours which differ by 
one letter, e.g. pat, cat, rat, and fat are word neighbours of hat) which pre-activates these 
lexical representations. The word that reached the highest level of activation (e.g. cat) would 
therefore inhibit the other words (e.g. pat, rat, fat) and inhibit the target response when the 
target is a word that was previously inhibited. This dissociation is also reflected in functional 
neuroimaging evidence which reveal that masked words primarily activate the visual word 
form area of the brain, whereas unmasked primes produce a great deal more activity in the 
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parietal, prefrontal, and cingulate areas which are associated with strategic cognitive 
processing (see Dehaene & Naccache, 2001). 
To preview, the present study investigates the reliability of two forms of priming: 
masked repetition priming (e.g., touch – TOUCH) and masked semantic priming (e.g., feel – 
TOUCH). The aim is to provide further insights into the automatic mechanisms that support 
these two forms of priming. The second objective of the study is to explore how the 
magnitude of masked repetition and semantic priming effects are moderated by important 
individual differences such as vocabulary knowledge and spelling ability.  
Masked Repetition and Semantic Priming Effects 
Masked repetition priming. Masked repetition priming effects have provided valuable 
insights into the nature of the information processing system that supports word recognition 
(Davis & Kim, 2006), in particular the initial stages (Gomez, Perea, & Ratcliff, 2013). For 
example, in Forster and Davis’ (1984) classic study, each trial comprised the following 
events. First, a forward mask (e.g., #####) was presented for 500 ms, followed by a lower 
case prime (e.g., apple) for 50 ms, which was in turn followed by an uppercase target (i.e., 
APPLE) that remained on the screen until the participant responded. Of course, the masked 
prime was presented too briefly to be consciously processed. Forster and Davis (1984) found 
strong and reliable masked repetition priming effects, i.e., targets (e.g., APPLE) were 
responded to faster in lexical decision when preceded by a repetition prime (i.e., apple) than 
by an unrelated prime (e.g., table). They analysed their data using repeated-measures 
ANOVA and found the main effect of prime relatedness to be significant in their Experiment 
1. Even though the magnitude of masked repetition priming effect was numerically higher for 
high-frequency words (M = 45ms) as compared to low-frequency words (M = 38ms), there 
was no significant interaction between prime relatedness and word frequency. Importantly, 
there was no masked repetition priming for nonwords (e.g., flirp – FLIRP). The additive 
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effects of masked repetition priming and word frequency are a remarkably robust pattern that 
has been replicated across numerous studies (Bodner & Masson, 1997; Forster et al., 1987; 
Rajaram & Neely, 1992).  
To explain their findings, Forster and Davis (1984) argued that lexical processing is 
based on stable, abstract representations. Additionally, masked repetition priming reflects an 
early mechanism which is not only relatively automatic (Posner & Snyder, 1975), but which 
operates prior to processes which are sensitive to the influence of word frequency. More 
specifically, Forster and Davis (1984) argued that masked repetition priming is most 
consistent with an early entry-opening mechanism, whereby the presentation of a masked 
prime makes contact with its corresponding lexical entry and “opens” it by temporarily 
increasing its level of activation. Being in an open state facilitates the extraction of 
information for target recognition when the same word is encountered again (Forster & 
Davis, 1984). This account also explains the absence of masked nonword repetition priming 
as nonwords, by definition, have no lexical entry to be opened by a repetition prime. It is 
worth noting that the entry-opening mechanism is hypothesized to be an inflexible modular 
process (Davis & Kim, 2006; Fodor, 1983) that is relatively insensitive to the experimental 
context and demands.  
That being said, there has been some opposition to the view that masked repetition 
priming reflects an inflexible, transitory change in the accessibility of stable, abstract lexical 
representations (Davis & Kim, 2006). For example, according to the memory recruitment 
account of priming, word recognition and memory phenomena are assumed to tap common 
underlying mechanisms whereby the presentation of a masked prime creates an episodic 
memory trace which can be subsequently recruited to facilitate target recognition (Bodner & 
Masson, 2001; 2003). Importantly, the extent to which the episodic trace is relied upon 
depends on the prime’s task relevance (Anderson & Milson, 1989). That is, in task contexts 
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where the prime is more valid, there should be greater reliance on the priming episode 
(Bodner & Masson, 2001, 2003). Consistent with the memory recruitment perspective, 
Bodner and Masson (2001) reported that masked repetition priming effects became 
significantly larger when the proportion of targets preceded by a repetition prime in 
Experiment 1 was 0.8 (M = 65ms) instead of 0.2 (M = 36ms). This sort of flexibility is 
difficult to reconcile with the modular entry-opening account (Forster & Davis, 1984) but can 
be explained by the idea that there is more strategic recruitment of episodic prime 
information as the validity of the prime (as reflected by proportion of repetition trials) 
increases (Bodner & Stalinksi, 2008). 
 Masked semantic priming. Semantic priming has been intensively studied since 
Schvaneveldt and Meyer (1973) reported that participants recognized words (e.g., touch) 
faster when they were preceded by related (e.g., feel – TOUCH) than by unrelated (e.g., peel 
– TOUCH) words. The study of semantic priming has been critical in shaping our 
understanding of the organization of semantic memory and how semantic representations are 
accessed (Collins & Loftus, 1975; Masson, 1991, 1995), the nature of automaticity (Neely, 
1991; Neely & Kahan, 2001), the distinctions between automatic and strategic processing 
(McNamara, 2005), as well as the basis for language processing deficits in aphasia (Bushell, 
1996). When semantic primes are visible and can be consciously processed, the priming 
effect is mediated by a combination of automatic and strategic mechanisms (see McNamara, 
2005, for a review). The canonical automatic process for semantic priming is spreading 
activation. When a prime is presented, its semantic representation is automatically activated 
and pre-activates related concepts, which then facilitates their subsequent identification 
(Posner & Snyder, 1975). Priming also reflects strategic mechanisms which are more 
strategic and require conscious processing of the prime; these include expectancy (i.e., the 
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generation of potential related targets; Becker, 1980) and backward semantic matching (i.e., 
determining if there is a target-to-prime relation; Neely, Keefe, & Ross, 1989).  
However, strategic priming mechanisms are irrelevant when primes are masked and 
only automatic processes will be at play. Although masked semantic priming effects are 
generally much smaller in magnitude as compared to unmasked semantic priming, they are 
believed to be reliable and have been observed by many investigators (see Brysbaert, 
McCormick, Van der Haegen, Keuleers, & Davis, 2015, for a review). It is assumed that 
masked semantic priming effects are predominantly mediated by automatic spreading 
activation. Interestingly, Bodner and Masson (2003) have proposed that masked semantic 
priming, like masked repetition priming, can also be explained by memory recruitment. That 
is, the masked semantic prime establishes an episodic trace that can be recruited when 
participants are trying to recognize the word. In support of this, Bodner and Masson (2003) 
found larger masked semantic priming effects when the proportion of targets preceded by a 
semantic prime in an experiment was 0.8 (M = 24ms) instead of 0.2 (M = 14ms). This kind of 
flexibility is difficult to reconcile with an automatic or modular process such as spreading 
activation. 
Although the debate over the lexical entry-opening and memory recruitment accounts 
remains somewhat unresolved (see Bowers, 2000; Tenpenny, 1995, for reviews), it is clear 
that masked repetition priming reflects pre-activation of the lexical representations and 
therefore represents a suitable tool for examining the reliability of lexical processes in visual 
word recognition.  
Is Priming Reliable? 
For the most part, studies of word recognition have focused on group-level data that 
average across participants. The majority of the word recognition literature implicitly 
assumes that the architecture of the lexical processing system can be generalized across 
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individuals; this assumption is reflected in the field’s reliance on measures of group-level 
performance which aggregate across relatively small samples of participants (typically 25-35; 
Andrews, 2012). However, even within a sample of college students who have already been 
selected for their reading and writing ability, there remains substantial variability in 
psychometric measures of reading and spelling, and in experimental measures of word 
recognition performance. Andrews and Hersch (2010) examined the relationship between 
masked orthographic priming and individual differences in reading speed and spelling 
proficiency among university students. In this study, they found that the fastest reader, 
compared to the slowest reader, read nearly 15 times as many words in a 3-minute cloze test 
and spelling-to-dictation scores ranged from a 20% to 100% accuracy rate. 
In addition to the finding of substantial individual differences in language proficiency 
among readers, such differences have been shown to have an impact on word recognition 
performance (Yap, Balota, Sibley, & Ratcliff, 2012). Central to the analysis of individual 
differences is the issue of reliability. Reliability refers to the degree to which one gets the 
same results each time one measures a construct. The consistency of such a construct can be 
evaluated across time (i.e., test-retest reliability) and across items within a test (split-half 
reliability) (Goodwin, 2009). The reliability of a measure is an important psychometric 
property that greatly constrains its usefulness; low reliability reduces the likelihood of 
detecting real differences between groups as demonstrated by Kopriva and Shaw (1991). 
They computed the statistical power for different effect sizes as a function of reliability and 
group size and found that for a sample size of 25, unreliable measures have very little power 
for detecting between-group differences. In sum, the reliability of a measure limits the power 
for detecting true group differences and assessing the reliability of priming scores is therefore 
a crucial methodological issue (Hutchison, Balota, Cortese, & Watson, 2008).  
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Moreover, the reliability of a measure places an upper limit on the extent to which 
priming effects might be expected to correlate with other measures. Theoretically, the 
maximum correlation between two measures is the square root of the product of the reliability 
of both measures. Therefore, researchers will be more likely to find a reasonable correlation 
when both measures are of high reliability compared to when the reliabilities of both 
measures are low. When both measures are relatively unreliable, a low correlation may 
actually be underestimating the true magnitude of the relationship between the two measures.  
Intuitively, one might expect a robust effect to be a reliable effect but Lowe and 
Rabbitt (1998) have demonstrated that this is not the case. Specifically, they examined the 
well-known and robust Stroop effect, which refers to slowed colour naming responses when a 
colour name (e.g., BLUE) is printed in a colour not denoted by that name (e.g., BLUE printed 
in red). They examined the Stroop effect across two sessions that were separated by an 
interval of two weeks and found that the test-retest reliability of the Stroop effect was as low 
as 0.2. This goes to show that even if a measure is robust (in terms of replicability), the 
reliability of that measure is not necessarily guaranteed.  
Despite the importance of reliability, very few studies have examined the reliability of 
priming, with two notable exceptions. Stolz, Besner, and Carr (2005) were the first to explore 
the reliability of semantic priming effects in word recognition. In semantic priming studies, 
although semantic priming computed at the group level is very robust, there is tremendous 
variability in the magnitude of priming produced across different participants. In order to 
determine if these individual differences reflect systematic or random processes, Stolz et al. 
(2005) examined the split-half and test-retest reliabilities of semantic priming across different 
experimental conditions where the relatedness proportion (RP, i.e., proportion of word targets 
preceded by a related prime) and the prime-target stimulus onset asynchrony (SOA) were 
factorially manipulated. Experimental conditions with a lower RP and a shorter SOA should 
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maximise the impact of automatic priming mechanisms as the influence of strategic priming 
mechanisms is minimised. On the other hand, conditions with a higher RP and SOA should 
maximize the influence of strategy (Stolz & Neely, 1995). Surprisingly, Stolz et al. (2005) 
found no evidence of reliability under conditions (i.e., short SOA, low RP) which maximized 
the impact of automatic priming mechanisms. Reliability was statistically significant only 
under conditions (i.e., long SOA, high RP) which made strategically mediated priming more 
likely. According to Stolz et al. (2005), these results are consistent with a semantic system 
whose activity is “inherently noisy and uncoordinated” (p. 328) when priming primarily 
reflects automatic spreading activation, with priming becoming more reliable when task 
demands increase the utility of strategic processes such as expectancy generation. In other 
words, the reliable priming effects observed by Stolz et al. (2005) reflect strategic, rather than 
automatic, priming mechanisms. However, one issue that was unclear was whether the low 
reliability was indeed a reflection of semantic processing or whether it reflected pre-semantic 
processes. 
According to the Interactive Activation model (see Figure 1) which is originally 
proposed by Rumelhart and McClelland (1981), excitatory activation cascades forward from 
the feature level to the letter level to the lexical level and finally to the semantic level; 
activation in this model also feeds back from the semantic level all the way to the feature 
level (Stolz & Besner, 1996). The lack of reliability in semantic processing (Stolz et al., 
2005) may thus implicate earlier pre-semantic processing at the lexical, letter, and/or feature 
levels. In order to explore this, Waechter, Stolz and Besner (2010) extended the study by 
Stolz et al. (2005) to examine the reliability of repetition priming. The rationale is that 
semantic priming taps semantic processing whereas repetition priming taps pre-semantic 
processing. If repetition priming effects are also unreliable, this would suggest that the low 
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reliability seen for semantic priming may not be specific to semantic processing but may be 
mediated by earlier, lower level processes. 
Interestingly, Waechter et al. (2010) found that even under conditions (i.e., short 
SOA, low RP) which facilitate automatic processing, repetition priming effects were 
moderate in size and statistically reliable. This contrasts strongly with the pattern in semantic 
priming. As a result, they concluded that the observed unreliability of semantic priming arises 
from uncoordinated processes specific to semantic memory while automatic processes in the 
lower levels of visual word recognition unfold in a more coordinated and consistent manner.  
 
Figure 1. An Interactive Activation framework. Pathways A, B and C feed activation from 
the feature level to the higher levels. Pathways D, E and F feed activation from the semantic 
level to the lower levels. From “Interactive Activation in Visual Word Recognition: 
Constraints Imposed by the Joint Effects of Spatial Attention and Semantics,” by J. A. Stolz 
and B. Stevanovski, Journal of Experimental Psychology: Human Perception and 
Performance, 30, p. 1073. Copyright 2004 by the American Psychological Association. 
Reprinted with permission.  
 
Individual Differences and Masked Priming 
The preceding discussion on reliability is closely related to the issue of individual 
differences in word recognition performance, in particular priming effects. Any study that 
explores individual differences in priming is implicitly assuming that priming effects are 
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reliable. However, without first establishing the reliability of priming, one cannot tell whether 
the lack of a correlation between priming and some other measure indeed reflects no real 
relationship or does it reflect low reliability on one or both measures. If repetition and 
semantic priming are indeed associated with low reliability, this will place major constraints 
on researchers who intend to use repetition priming to investigate individual differences in 
domains such as learning (Woltz & Shute, 1993) or nature of lexical representations 
(Monahan, Florentino, & Poeppel, 2008), or who use semantic priming to study individual 
differences in domains such as personality (Matthews & Harley, 1993) or psychopathology 
(e.g., Morgan, Bedford, & Rossell, 2006). 
In the masked priming domain, Andrews and Hersch (2010) found that masked 
orthographic priming effects were systematically related to individual differences in reading 
and spelling proficiencies. In addition to reading and spelling, there is also evidence that 
(unmasked) semantic priming effects can be moderated by individual differences in 
vocabulary knowledge (i.e., knowledge of word form and meaning). For example, it has 
traditionally been assumed that the effects of semantic priming are stronger for low- 
compared to high-frequency words (Becker, 1980; Borowsky & Besner, 1993). However, 
Yap, Tse, and Balota (2009) found that the joint effects of semantic priming and word 
frequency were moderated by individual differences in vocabulary knowledge of the 
participants. Specifically, participants with more vocabulary knowledge produced equal 
priming for both low- and high-frequency words whereas participants with less vocabulary 
knowledge produced stronger priming for low- compared to high-frequency words. Yap et al. 
(2009) interpreted their findings as consistent with the idea that participants with higher 
vocabulary knowledge were more likely to rely on relatively automatic priming mechanisms 
for both high and low frequency words whereas lower vocabulary knowledge participants 
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were more like to rely on strategic priming mechanisms for more difficult targets (e.g., low 
frequency words).  
Perfetti and Hart (2001) have suggested that highly skilled readers, as reflected by 
better performance on measures of spelling, vocabulary, and reading, possess high-quality 
lexical representations which are both fully-specified and redundant. This is also known as 
the lexical quality hypothesis. For these skilled readers, the process of identifying a word 
involves the precise activation of the corresponding underlying lexical presentation, with 
minimal activation of orthographically similar words. Furthermore, such readers are less 
dependent on the strategic use of context (e.g., prime information) to facilitate target 
identification (Yap et al., 2009). Turning to the present study, what is the relationship 
between lexical quality and masked repetition and semantic priming effects? In other words, 
is there any relationship between the proficiency of a reader and the magnitude of the masked 
repetition and semantic priming effect produced by this reader? Interestingly, no published 
study has examined these questions.  
The Present Study 
There are two major objectives in the present study. The first is to verify the claim by 
Stolz and colleagues that automatic semantic priming is unreliable whereas automatic 
repetition priming is reliable. To recapitulate, Stolz et al. (2005) and Waechter et al. (2010) 
reported that semantic, but not repetition, priming was unreliable under experimental 
conditions (i.e., low RP, short SOA) which discouraged the use of strategic mechanisms. 
However, there is evidence that some participants may be able to strategically engage in 
expectancy generation at very short SOAs. Hutchison (2007) examined the relationship 
between RP effects in semantic priming under short SOA, and examined how this 
relationship is influenced by individual differences in attentional control (AC). AC refers to 
the coordination of attention and memory so as to optimize task performance by enhancing 
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task-relevant information. Given that Hutchison (2007) found a linear relationship between 
RP effects and AC at short SOA, this shows that participants with higher AC are more likely 
to engage in strategic priming mechanisms at high RP even under experimental conditions 
that should minimize the impact of strategic priming mechanisms. Therefore, in order to fully 
eliminate the influence of strategic processing, it is more effective to mask the primes so as to 
prevent them from being consciously processed (Forster, 1998). 
In the present study, I will examine the test-retest and split-half reliabilities of masked 
repetition and semantic priming effects in the same set of participants, to determine if the 
results of Stolz and colleagues generalize when priming fully reflects automatic mechanisms. 
The reliability of masked priming in a large-scale study has not yet been studied in any 
published study.  
The second objective is to examine the extent to which masked repetition and 
semantic priming effects (assuming they are reliable) are predicted by theoretically important 
measures of individual differences such as vocabulary knowledge and spelling performance. 
As discussed earlier, these are questions that have not been explored in the literature, and so it 
is not even entirely clear how these measures are related. Previous work by Yap et al. (2012) 
indicates that more fluent lexical processors are less influenced by word dimensions such as 
word frequency and length, but it is unclear if these skilled readers will similarly show 
smaller effects of masked semantic and repetition priming, compared to readers who are less 
proficient.  
While the second purpose is not precisely novel, it has received relatively little 
attention in the literature. To my knowledge, the current study is the first attempt to answer 
these intertwined questions in a unified and comprehensive manner, using an unusually large 
and well-characterized set of items and participants. The large sample size is necessary for 
sufficient power to detect the masked priming effects, which are generally quite small 
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(Brysbaert et al., 2015). Collectively, the results of these analyses will help shed more light 
on the relationships between the quality of underlying lexical representations, masked 
priming phenomena and measures of individual differences.  
Method 
Participants 
Two hundred and forty undergraduates from the National University of Singapore 
participated in this study in exchange for course credit. All participants regarded English as 
their first language, as specified in the recruitment criteria, and this was ascertained from 
their performance in the written language proficiency tasks. All participants had normal or 
corrected-to-normal vision. 
Design  
Two 2 × 2 within-participant designs were incorporated within the same experiment, 
with non-overlapping items used to examine the effects of each independent variable. 
Specifically, we examined Priming Paradigm (masked repetition or semantic priming) × 
Priming Relatedness (related or unrelated) and Session (first or second). All variables were 
manipulated within-participants and the order was counterbalanced (see Figure 2 for one 
version of the experimental design of study). The relatedness proportion (RP, i.e., proportion 
of word targets preceded by a related prime) was 0.5 with each block consisting of 40 related 
and 40 unrelated word trials, as well as 80 nonword trials. The dependent variables were 
response time, z-score transformed response time and accuracy rates.  
 
Figure 2. Experimental design of the study. 
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Materials 
Measures of individual differences. Participants were assessed on two measures of 
written language proficiency: a spelling recognition test and a test of vocabulary. The former 
involved using a list of 82 items, half of which was correctly spelled and the other half mis-
spelled. The mis-spellings were derived from changing one to three letters of the base word 
and the pronunciation of the base word is often preserved (e.g., addmission, seperate; 
Andrews & Hersch, 2010). This was implemented as a computerized lexical decision task 
with participants having to identify words as being correctly spelled or otherwise. The latter 
involved a 40-item vocabulary subscale test of the Shipley Institute of Living Scale (Shipley, 
1940). It required participants to identify the synonym of the 40 items, each to be chosen 
from four options. The dependent variable was accuracy rate. Despite the age of the Shipley, 
the vocabulary subscale continues to be widely used by researchers and it has been shown to 
correlate highly with most standard intelligence tasks (see Zachary, Paulson, & Gorsuch, 
1985, for a review). 
Stimuli. With respect to repetition priming, there were one hundred and sixty targets 
which were taken from Waechter and colleagues as these stimuli have been shown to produce 
large and robust repetition priming effect under unmasked conditions. Unrelated primes were 
obtained from the English Lexicon Project (ELP; Balota et al., 2007) and matched to related 
primes on four lexical dimensions: word length, word frequency, number of orthographic 
neighbours, and number of syllables. Word length refers to the number of letters while word 
frequency (LogSUBTLCD) is an index of frequency (per million words) of the target word 
appearing in film and television subtitles (Brysbaert & New, 2009). The number of 
orthographic neighbours refers to the number of words obtained by substituting a single letter 
in the target word, e.g., sand’s neighbours include band and sang (Chateau, & Jared, 2000) 
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while the number of syllables provides the syllable count for a word (e.g., CAT/kæt/ has one 
syllables; see Table 1 for the descriptive statistics and Appendix for the full list of stimuli).  
Turning to semantic priming, there were 160 targets which were symmetrical (SYM) 
in terms of prime-to-target (forward) and target-to-prime (backward) association strengths 
(FAS; BAS). FAS refers to the likelihood of prime cueing the target (e.g. the prime abdomen 
will bring to mind the target stomach) whereas BAS refers to the likelihood of target cueing 
the prime (e.g. stomach-abdomen; Nelson, McEvoy, & Schreiber, 2004). SYM prime-target 
pairs (e.g., east – WEST) possess FAS and BAS values that are relatively similar in 
magnitude. Sixty SYM targets were selected from a study by Thomas, Neely and O’Connor 
(2012) with the remaining one hundred selected from the University of South Florida Free 
Association Norms by Nelson and colleagues (see also Table 1 and Appendix). SYM targets 
were defined by having non-zero values for FAS and BAS, and having a magnitude 
difference between FAS and BAS that was less than 0.3; Thomas et al. (2012) used a similar 
procedure for defining their SYM targets. Unrelated prime word-target word pairs were 
constructed by re-pairing the primes and target pairs such that no item was repeated within a 
participant.  
For both priming paradigms (repetition and semantic priming), legal nonwords were 
generated with Wuggy, a multilingual pseudoword generator (Keuleers & Brysbaert, 2010) 
which generates pseudowords that conform to the orthographic and phonological patterns of 
the English language. Additionally, Wuggy ensures that the words and legal nonwords are 
closely matched on properties such as number of letters, number of syllables, and 
orthographic neighbourhood size. Words that are matched to the word primes on the same set 
of lexical dimensions were extracted from the ELP (Balota et al., 2007) as primes for the 
nonwords. The experimental trials for a given participant were selected from 16 
counterbalanced lists (see Figure 2 for one version of the experimental design of study). Each 
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block of trial contained 160 trials with every target word being preceded by either a related or 
unrelated prime, yielding 40 observations per participant cell. An additional list of 20 practice 
trials (5 related and 5 unrelated, as well as 10 nonword trials) were administered to each 
participant before the experimental trials. 
Table 1. Descriptive statistics for target stimuli used in the experiment. 
  Repetition Priming Semantic Priming 
  Mean SD Mean SD 
Concretenessa 3.97 0.98 3.65 1.02 
Length  4.56 0.63 4.99 1.59 
LogSUBTLCD 2.87 0.60 3.10 0.65 
Orthographic Neighbourhood Size 5.93 5.15 5.33 5.34 
Phonological Neighbourhood Sizeb 13.85 10.31 11.48 10.78 
Orthographic Levenshtein Distance 20c 1.6 0.34 1.76 0.57 
Phonological Levenshtein Distance 20d 1.38 0.38 1.59 0.66 
Number of Syllables 1.21 0.44 1.42 0.57 
Number of Morphemese 1.08 0.26 1.18 0.42 
z-transformed Response Timef -0.61 0.17 -0.61 0.18 
Forward Association Strength NA NA 0.5 0.14 
Backward Association Strength NA NA 0.57 0.16 
Note: SD refers to standard deviation.  
a Target concreteness = extent that the meaning of the word has been acquired through experience (Brysbaert, 
Warriner, & Kuperman, 2014) 
b Phonological neighbourhood size = number of words that differ from the target word by a single phoneme 
(e.g., the phonological neighbours of BASKET/ˈbɑːskɪt/ include BISCUIT/ˈbɪskɪt/, BRISKET/ˈbrɪskɪt/ and 
CIRCUIT/ˈsəːkɪt/ (Luce & Pisoni, 1998) 
c Orthographic Levenshtein Distance 20 = mean orthographic Levenshtein distance between a target word and 
its 20 closest neighbours, where Levenshtein distance reflects the number of number of insertions, deletions and 
substitutions needed to turn a string of letters into some other string of letters (Yarkoni, Balota & Yap, 2008) 
d Phonological Levenshtein Distance 20 = mean phonological Levenshtein distance between a target word and 
its 20 closest neighbours, where Levenshtein distance reflects the number of number of insertions, deletions and 
substitutions needed to turn a string of phonemes into some other string of phonemes 
e Number of Morphemes = morpheme count for a word (e.g., CATS has two morphemes, CAT and S) 
f z-transformed Response Time = Normed z-score lexical decision RTs for the targets, based on data taken from 




PC-compatible computers running DMDX (Forster & Forster, 2003) were used to 
present stimuli and collect data. Participants were tested individually in a sound-attenuated 
cubicle in a single session lasting approximately 45 minutes. Experimental task instructions 
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were displayed on the computer and relayed verbally by the experimenter to ensure 
comprehension. Each participant was informed specifically that they would be undergoing 
four lexical decision tasks (LDTs) in total, with a language test that would be administered 
after the first two LDTs. For the LDT, participants were instructed to decide whether the 
letter string presented after a row of hashes formed a word or nonword by making the 
appropriate button press. They were encouraged to respond quickly, but not at the expense of 
accuracy, with the pressing of the right shift key with their right index finger for a “word” 
response and that of the left shift key with their left index finger for a “nonword” response. 
No mention was made of the masked primes. Twenty practice trials were then presented for 
the participants to familiarize themselves with the task and also to ensure compliance with 
task instructions, followed by two experimental sub-blocks of 80 trials each with optional 
breaks in between. Each trial in the LDT consisted of three successive displays presented in 
the center of a computer screen in white 14-point Courier font on a black background: a 
forward mask (##########) presented for 500ms with the prime stimulus presented in lower 
case for 43ms followed by the target stimulus which remained on the screen until the 
participants made a response or until 5000ms whichever is earlier (see Figure 3 for the trial 
design). The order of trials was randomized anew for each participant.  
 
########## Mask: 500ms 
doctor Prime: 43ms 
DOCTOR Target: 5000ms or when a response was detected 
Figure 3. Trial structure of the study. 
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Results 
Incorrect trials and trials with response times (RTs) faster than 200ms or slower than 
3000ms were excluded. For the remaining correct trials, RTs more than 2.5 standard 
deviations (SDs) away from each participant’s mean were also treated as outliers. For the RT 
analysis, data trimming removed 8.37% (5.88% errors; 2.49% RT outliers) of experimental 
trials. In order to control for individual differences in processing speed (Faust, Balota, 
Spieler, & Ferraro, 1999) and to eliminate much of the variability in priming for items 
(Hutchison et al., 2008), z-score transformed RT (zRT) were used for all analyses with the 
computation of z-scores conducted separately for each participant (mean unrelated z-score 
RT – mean related z-score RT).  
Analysis 1: Group-level Priming Performance 
 Trials for each participant were first partitioned into Session 1 (S1) trials and Session 
2 (S2) trials. Descriptive statistics as a function of Prime Type (Masked Repetition or 
Semantic), Prime Relatedness (Related or Unrelated), and Session (First vs. Second) are 
presented in Table 2, and the data were analysed using repeated-measures ANOVA. To 
visualize the priming performance of participants across the different dependent variables, 
graphs were generated (see Figure 4).  
Masked repetition priming. With respect to raw RTs, the main effect of Prime 
Relatedness was significant, F(1, 239) = 1104.44, p < .001, MSE = 346.366, ηp2 = .822, with 
faster RTs for related (M = 513 ms), compared to unrelated (M = 553 ms), trials. The main 
effect of Session was significant, F(1, 239) = 23.40, p < .001, MSE = 1318.027, ηp2 = .089, 
with faster RTs for S1 (M = 527 ms), compared to S2 (M = 539 ms), trials. The Prime 
Relatedness × Session interaction was significant, F(1, 239) = 10.15, p = .002, MSE = 
302.185, ηp2 = .041 with a larger priming effect at S2 (M = 44 ms) compared to S1 (M = 36 
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ms); tests of simple effects revealed that the masked repetition priming effect was statistically 
significant for both S1 (p < .001) and S2 (p < .001) trials.  
Turning to the z-score RTs, the main effect of Prime Relatedness was significant, F(1, 
239) = 859.10, p < .001, MSE = .023, ηp2 = .782, with faster z-score RTs for related (M = 
-.46), compared to unrelated (M = -.17), trials. The main effect of Session was significant, 
F(1, 239) = 20.98, p < .001, MSE = .055, ηp2 = .081, with faster z-score RTs for S1 (M = 
-.35), compared to S2 (M = -.28), trials. The Prime Relatedness × Session interaction was 
significant, F(1, 239) = 12.50, p < .001, MSE = .013, ηp2 = .050 with a larger z-score masked 
repetition priming effect at S2 (M = .31) compared to S1 (M = .26); tests of simple effects 
revealed that the masked repetition priming effect was statistically significant across S1 (p 
< .001) and S2 (p < .001) trials. When taken together, the analyses of raw RTs are consistent 
with that of z-score RTs. 
Turning to accuracy rates, the main effect of Prime Relatedness was significant, F(1, 
239) = 127.31, p < .001, MSE = .002, ηp2 = .348, with a higher accuracy rate for related (M 
= .96), compared to unrelated (M = .93), trials. The main effect of Session was significant, 
F(1, 239) = 8.71, p = .003, MSE = .001, ηp2 = .035, with a higher accuracy rate for S1 (M 
= .95), compared to S2 (M = .94), trials. However, the Prime Relatedness × Session 
interaction was not significant, F < 1.  
Masked semantic priming. With respect to raw RTs, the main effect of Prime 
Relatedness was significant, F(1, 239) = 101.63, p < .001, MSE = 272.934, ηp2 = .298, with 
faster RTs for related (M = 528 ms), compared to unrelated (M = 538 ms), trials. The main 
effect of Session was significant, F(1, 239) = 56.99, p < .001, MSE = 1400.715, ηp2 = .193, 
with faster RTs for S1 (M = 524 ms), compared to S2 (M = 542 ms), trials. The Prime 
Relatedness × Session interaction was not significant, F < 1.  
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Turning to z-score RTs, the main effect of Prime Relatedness was significant, F(1, 
239) = 115.52, p < .001, MSE = .013, ηp2 = .326, with faster z-score RTs for related (M = 
-.35), compared to unrelated (M = -.28), trials. The main effect of Session was significant, 
F(1, 239) = 51.36, p < .001, MSE = .059, ηp2 = .17, with faster z-score RTs for S1 (M = -.37), 
compared to S2 (M = -.26), trials. The Prime Relatedness × Session interaction was not 
significant, F < 1. When taken together, the analyses of raw and z-score RTs revealed 
precisely the same pattern for masked semantic priming as well.  
Turning to accuracy rates, the main effect of Prime Relatedness was significant, F(1, 
239) = 25.97, p < .001, MSE = .001, ηp2 = .098, with a higher accuracy rate for related (M 
= .96), compared to unrelated (M = .95), trials. The main effect of Session was significant, 
F(1, 239) = 6.26, p = .013, MSE = .001, ηp2 = .026, with a higher accuracy rate for S1 (M 
= .96), compared to S2 (M = .95), trials. The Prime Relatedness × Session interaction was not 
significant, F < 1.  
Table 2. Means and standard deviations of priming performance across priming conditions as 
a function of dependent variables. 
   Raw RT (ms) z-score RT Accuracy 




Related 509 61 -0.48 0.20 0.96 0.04 
Unrelated 545 60 -0.22 0.17 0.94 0.05 
Session 2 
Related  517 68 -0.44 0.20 0.96 0.04 




Related 519 61 -0.41 0.18 0.96 0.04 
Unrelated 529 60 -0.34 0.19 0.95 0.04 
Session 2 
Related  536 70 -0.30 0.20 0.96 0.04 
Unrelated 548 67 -0.22 0.18 0.95 0.05 
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Analysis 2: Reliability of Masked Priming Effects 
Trials for each participant were partitioned into S1 trials, S2 trials, odd-numbered 
trials, and even-numbered trials; trial number refers to the order in which the trial was 
presented to the participant. For each participant, the z-score transformed priming effect was 
computed for all trials, S1 trials, S2 trials, odd-numbered trials, and even-numbered trials, for 
both masked repetition and semantic priming. The distinguishing of S1 from S2 trials, and of 
odd- from even-numbered trials, are necessary for computing test-retest and split-half 
reliability respectively. Table 3 presents the means and standard deviations of masked 
priming effects by experimental conditions and trial types (all trials, odd-numbered trials, 
even-numbered trials, S1 trials and S2 trials). The finding that masked repetition priming 
effects are larger than masked semantic priming effects is consistent with the current 
literature (Forster, Mohan, & Hector, 2003).  
Table 3. Means and standard deviations of z-score transformed masked priming effects as a 
function of prime type and trial type. 
  Overall Odd Even Session 1 Session 2 
Masked Repetition Priming 
M 0.29 0.29 0.29 0.26 0.31 
SD 0.15 0.20 0.20 0.18 0.20 
Masked Semantic Priming 
M 0.08 0.08 0.08 0.07 0.08 
SD 0.11 0.18 0.16 0.15 0.16 
Both Conditions 
M 0.18 0.18 0.18 0.17 0.20 
SD 0.17 0.21 0.21 0.19 0.21 
 
 Turning to the reliability analyses, Table 4 presents the Pearson correlations between 
S1 and S2 trials (test-retest reliability), and between odd- and even-numbered trials (split-half 
reliability), for participant-level z-score transformed priming effects under masked repetition 
and semantic priming conditions.  
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Table 4. Correlations for z-score transformed masked priming effects across sessions and 





Masked Repetition priming .27*** .20* 
Masked Semantic priming .06 -.08 
*** p < .001; *p < .05  
 
For masked repetition priming, both test-retest reliability, r(238) = .27, p < .001, and 
split-half reliability, r(238) = .20, p = .002, were significant. Turning to masked semantic 
priming, both test-retest reliability, r(238) = .06, ns, and split-half reliability, r(238) = -.08, 
ns, were not significant. In addition, the reliabilities of masked repetition priming are not only 
statistically significant, but are also significantly higher than the reliabilities of masked 
semantic priming both in terms of test-test reliability, Z = 2.33, p = .02, and split-half 
reliability, Z = 13.16, p < .001.  
Analysis 3: Individual Differences in Masked Priming 
To investigate whether masked priming effects were moderated by theoretically 
important individual differences in written language proficiency, the overall mean z-score 
transformed priming effect for each participant was correlated with his or her respective 
performance on the vocabulary test (Cronbach α = .61) and the spelling recognition test 
(Cronbach α = .73). Vocabulary knowledge was found to correlate positively with masked 
repetition priming, r(238) = .12, p = .06, although the correlation was only marginally 
significant. Spelling ability was not found to correlate significantly with masked repetition 
priming, r(238) = .07, ns. On the other hand, the magnitude of masked semantic priming was 
not predicted by either vocabulary knowledge, r(238) = .05, ns, or spelling ability, r(238) 
= .05, ns (see Table 5). To visualize the associations between masked priming effect and 
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individual difference measures of written language proficiency, scatterplots were generated 
(see Figure 5). 
Table 5. Correlations between the individual difference measures with z-score transformed 
masked priming effects 
 Masked repetition priming Masked semantic priming 
Vocabulary knowledge .12† .05 
Spelling ability .06 .05 
†p < .10 
  
  
Figure 5. Scatterplots (with 95% confidence intervals) between standardized priming effects 
and vocabulary knowledge (left) and spelling ability (right). 
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The analyses in the previous section have clearly established that masked semantic 
priming effects are unreliable. Therefore, it is unsurprising that masked semantic priming 
effects are not predicted by both the vocabulary and spelling measures. However, the 
analyses involving masked repetition priming are less conclusive and more difficult to 
interpret. Specifically, there was a marginally significant positive correlation between masked 
repetition priming and vocabulary knowledge, and a non-significant positive correlation 
between masked repetition priming and spelling ability. There is a possibility that the present 
study, even though it is based on 240 participants, lacks the statistical power to detect the 
subtle underlying relationships between masked repetition priming and the individual 
differences of interest. 
In order to address this, analyses of archival data from the masked Form Priming 
Project (FPP; Adelman et al., 2014) was conducted. The FPP contains behavioural data for 
over 800,000 lexical decision trials across 28 prime types of form priming (including 
repetition priming) from 1,015 participants over 14 testing universities. Importantly, the 
participants in the FPP went through the same vocabulary and spelling tasks used in the 
present study. Given the much larger sample size, the FPP has more statistical power to 
detect the relationships (or lack of) between masked repetition priming and the individual 
difference measures. Using the FPP data, I examined the correlations between masked 
repetition priming and vocabulary and spelling, and found that now masked repetition 
priming correlated positively with both vocabulary knowledge, r(908) = .12, p < .001, and 
spelling ability, r(908) = .10, p = .003 (see Figure 6). It is noteworthy that the magnitude of 
the correlation values reported from the FPP data are remarkably similar to those observed in 
the current data (refer to Table 5). Taken together, these results provide support for the idea 
that as spelling ability and vocabulary knowledge increase, the magnitude of masked 
repetition priming effects increases. 
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Figure 6. Scatterplots (with 95% confidence intervals) between standardized priming effects 
and vocabulary knowledge (left) and spelling ability (right) for FPP data. 
 
To lend further support to the claim above, another set of analyses based on tertile 
splits was used to exaggerate the differences in spelling and vocabulary scores. Specifically, 
participants were partitioned into highly skilled (top tertile) and less skilled (bottom tertile) 
readers according to their spelling or vocabulary scores, and the mean masked priming effects 
associated with both extreme groups were compared. During the partitioning of participants, 
the counterbalancing orders in the top and bottom tertiles were matched and independent 
sample t-tests were then conducted to compare the z-transformed priming effects between the 
two groups (i.e., top vs. bottom tertile).  
For masked repetition priming, a significant difference was observed between 
participants who scored higher on vocabulary knowledge (M = .31, SD = .16) relative to 
participants who scored lower (M = .26, SD = .14), t(158) = 2.39, p = .02. Likewise, a 
marginally significant difference was found between participants who scored higher on 
spelling ability (M = .32, SD = .15) relative to participants who scored lower (M = .28, SD 
= .14), t(158) = 1.85, p = .07. 
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Masked semantic priming, however, was not moderated by spelling or vocabulary 
scores. No significant difference was found between participants who scored higher on 
vocabulary knowledge (M = .09, SD = .12) relative to participants who scored lower (M =.08, 
SD = .11), t < 1. Likewise for spelling ability, no significant difference was found between 
participants who scored higher on spelling ability (M = .09, SD = .12) relative to participants 
who scored lower (M = .08, SD = .10), t < 1.  
In summary, the three sets of analyses converge on the conclusion that vocabulary 
knowledge and spelling ability are able to predict the magnitude of masked repetition, but not 
masked semantic priming, wherein more skilled readers produce greater priming than less 
skilled readers. It is worth reiterating that these relationships cannot be simply attributed to 
scaling or to general slowing, because the participant-level priming effects were based on z-
score transformed RTs, which controls for individual differences in processing speed (Faust 
et al., 1999).  
General Discussion 
 In the present study, I examined the reliability of the automatic mechanisms that 
underlie repetition and semantic priming, as well as the extent to which they are moderated 
by theoretically important individual differences. This study serves to extend earlier work by 
Stolz et al. (2005) and Waechter et al. (2010), who respectively examined the reliability of 
semantic and repetition priming when visible primes were presented. My results are very 
straightforward and easy to summarize. Specifically, masked repetition and semantic priming 
were found to be statistically significant with larger effects seen in masked repetition 
priming. However, only masked repetition, but not semantic priming, was reliable. This 
nicely corroborates and extends the claims by Stolz and colleagues by showing that their 
results are replicated even when the influence of strategic processing is ruled out. In the 
present study, I also went on to examine the impact of individual difference measures of 
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vocabulary knowledge and spelling proficiency on masked repetition and semantic priming, a 
question that has received virtually no attention in the literature. Interestingly, across a series 
of converging analyses, I found that skilled readers are associated with larger priming effects, 
but that this pattern holds only for masked repetition, not semantic, priming. I shall now turn 
to a discussion of the key findings in the study.  
Masked Semantic Priming is Unreliable 
The semantic priming effect is one of the most well-known and important effects in 
the psycholinguistic literature. The ubiquity of semantic priming suggests that it implicates 
fundamental mechanisms of retrieval from memory (McNamara, 1992; Ratcliff & McKoon, 
1988) and it has also been exploited by investigators of psychopathology (Minzenberg, Ober, 
& Vinogradov, 2002; Scott, Mogg, & Bradley, 2001). Additionally, the semantic priming 
effect has played a major role in helping researchers better understand lexical and semantic 
processing (Collins & Loftus, 1975; Masson, 1991, 1995), the distinctions between conscious 
and unconscious processing (Cheesman & Merikle, 1986; Dagenbach, Carr, & Wilhelmsen, 
1989), the nature of automaticity (Neely, 1977, 1991; Neely & Kahan, 2001; Posner & 
Synder, 1975), and the basis for language processing deficits in aphasia (Bushell, 1996).  
Importantly, although the semantic priming effect is a very robust phenomenon when 
one analyses group-level data, Stolz et al. (2005) found much less stability when data were 
examined at the level of individual participants. Specifically, test-retest or split-half (i.e., 
inter-item) reliability was very low (close to zero) for semantic priming performance. This 
trend was particularly true under experimental conditions (e.g., low RP, short SOA) which 
minimize reliance on strategic processes such as expectancy generation and backward 
semantic matching. Put another way, a participant who produces strong masked semantic 
priming in Session 1 may not produce strong priming when retested shortly after with a 
different set of items. Stolz et al. (2005) interpreted their results as being consistent with the 
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idea that automatic spreading activation processes and the associations in semantic memory 
are inherently noisy and uncoordinated. 
Although the results from the seminal Stolz et al. (2005) study are theoretically very 
interesting, the fact that the primes were not masked makes it possible that the influence of 
strategic processing is not fully ruled out. Indeed, there is evidence in Hutchison (2007) that 
some participants may be able to engage in strategic processing even at very short SOAs. To 
address this, briefly presented masked semantic primes were used in the present study, which 
is the most powerful method currently available for minimizing the influence of conscious 
awareness and strategic processing. Importantly, even under masked conditions, test-retest 
and split-half reliabilities were not significant for semantic priming. This further strengthened 
Stolz et al.’s (2005) claim that the automatic mechanisms (e.g., spreading activation) that 
support semantic priming are “noisy and uncoordinated” (p. 264). That is, although cat may 
strongly prime dog for a participant at some point in time, there is no guarantee that it will do 
so subsequently. 
The close-to-zero reliability of semantic priming has clear-cut implications for 
researchers who are interested in using an individual’s semantic priming effect to predict 
other outcomes of interest. For example, individual differences in semantic priming has been 
used as a way to investigate associative network dysfunction in thought-disordered 
schizophrenic patients (Spitzer, Braun, Hermle, & Maier, 1993). However, given the 
demonstrated unreliability of automatic semantic priming, it is perhaps unsurprising that the 
literature on semantic priming in schizophrenia has been somewhat mixed. Indeed, in their 
review, Minzenberg et al. (2002) pointed out that the studies which have reported the most 
consistent findings were also studies which have featured experimental conditions that 
emphasize strategic, rather than automatic, processes in semantic priming. To recapitulate, 
the present results reinforce the idea that effects that are robust at the group-level may or may 
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not be psychometrically reliable (Lowe and Rabbitt, 1998). Given that the reliability of a 
measure sets an upper limit on detecting true group differences (Hutchison et al., 2008), the 
unreliability of masked semantic priming makes it a poor candidate for studying individual 
differences, as it is unclear how much of the variability between participants is simply 
measurement error.  
That being said, it is not my intention to suggest that individual differences in 
semantic priming are entirely meaningless. Although semantic priming effects were notably 
unreliable under conditions which favoured automatic processing, Stolz et al. (2005) found 
that the reliability of semantic priming increased under experimental conditions (e.g., long 
SOA) which allowed participants to rely on strategic mechanisms such as expectancy 
generation. That is, a participant who strategically relies on expectancy generation in Session 
1 is also likely to rely on expectancy generation in Session 2, thereby increasing the 
correlation in performance between the two sessions. In other words, strategic, unlike 
automatic, semantic priming processes seem to be reliable. The reliability of these processes 
is contributing to some of the extant findings in the semantic priming literature. For example, 
Yap et al. (2009) reported that the joint effects of priming and word-frequency were reliably 
moderated by vocabulary knowledge. Specifically, participants with more vocabulary 
knowledge produced equal priming effect for low- and high-frequency words, whereas 
participants with less vocabulary knowledge produced a stronger priming for low- compared 
to high-frequency words. Yap et al. (2009) argued that these differences were due to the fact 
that participants with less vocabulary knowledge were relying more on strategic priming 
mechanisms (e.g., backward semantic matching) that recruit more prime information as target 
processing becomes more difficult. Likewise, Yap, Hutchison, and Tan (in press) also 
reported that (unmasked) semantic priming effects were reliably larger for participants who 
were better on reading comprehension and vocabulary knowledge. Their account suggested 
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that highly skilled lexical processors could identify prime words more rapidly, thereby 
increasing the efficiency of priming mechanisms. In the light of the present findings, it is 
likely that these priming mechanisms are strategic, rather than automatic, in nature. 
Masked Repetition Priming is Reliable 
According to the Interactive Activation model (Stolz & Besner, 1996), activation can 
cascade from the pre-semantic levels to the semantic level (see Figure 1). As a result, lack of 
reliability in the semantic priming effect (Stolz et al., 2005) may reflect either semantic-level 
processing or earlier, pre-semantic processes at the lexical, letter, or feature levels. To 
explore this, Waechter et al. (2010) extended the study by Stolz et al. (2005) to compare the 
reliability of repetition priming with that of semantic priming. As discussed earlier in the 
Introduction, the rationale is that semantic priming taps semantic processing whereas 
repetition priming taps pre-semantic processing. If the unreliability in semantic processing is 
indeed due to pre-semantic processing, then one would expect repetition priming to be 
similarly unreliable. On the other hand, should the unreliability in semantic processing be 
localized at the semantic level, repetition priming should be reliable. In contrast to the 
findings by Stolz et al. (2005), Waechter et al. (2010) found evidence that repetition priming 
was associated with moderate reliability even under experimental conditions which strongly 
facilitate automatic processing. However, Waechter et al. (2010) shares the same basic 
methodological limitation as Stolz et al. (2005) in that the primes were not masked, and 
performance might be modulated by conscious processing. 
 In the present study, masked priming was used to isolate the automatic mechanisms 
in repetition priming. Importantly, both the test-retest and split-half reliabilities of masked 
repetition were found to be significant and moderate in magnitude, replicating the pattern in 
Waechter et al. (2010). My results converge with that of Waechter et al. (2010) in lending 
support to the notion that the observed unreliability of semantic priming arises from 
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uncoordinated processes specific to automatic processing in semantic memory. In contrast, 
automatic processing at the lexical and pre-lexical levels is more reliable and “unfold in a 
more coordinated, consistent manner” (Waechter et al., 2010, p. 553).  
To my knowledge, this is the first study to examine the reliability of masked 
repetition priming, and the results are encouraging for researchers who are interested in 
studying individual differences in masked repetition priming. For example, masked repetition 
priming has been used to examine differences in implicit memory between Alzheimer’s 
patients and healthy controls (Schnyer, Allen, Kaszniak, & Forster, 1999). The reliability of 
masked repetition priming effect also fits well with work that has examined individual 
differences in isolated word recognition. For example, when Yap et al. (2012) considered the 
reliability of participants’ sensitivity to lexical characteristics such as frequency, number of 
letters, and neighbourhood density, reliabilities (rs between .38 and .75) are relatively high. 
For example, participants who produced large word frequency effects in Session 1 also 
tended to produce large frequency effects in Session 2. The implication here is that the 
incoherence of spreading activation processes does not appear to extend to the early 
processing of a word’s orthographic and phonological properties.  
Dissociation between Masked Repetition and Semantic Priming 
As discussed in the Introduction, the canonical automatic mechanisms for semantic 
priming and repetition priming are automatic spreading activation (Collins & Loftus, 1975) 
and the entry-opening model (Forster & Davis, 1984) respectively. As a reminder, the entry-
opening account claims that the presentation of a masked prime temporarily unlocks its 
corresponding lexical entry and increases its level of activation. Interestingly, Bodner and 
Masson (2001, 2003) have proposed that the memory recruitment account of priming can be 
used to explain both masked semantic and repetition priming. To recapitulate, this account 
assumes that the presentation of a masked prime creates an episodic memory trace which can 
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then be subsequently used to aid target recognition. Although the full scope of this debate is 
beyond the scope of this paper (see Bodner & Masson, 2014, for more discussion), the results 
of my study do not corroborate with Bodner and Masson’s general position, or any theoretical 
account which claims that masked semantic and repetition priming are based on a common 
mechanism. If masked semantic and repetition priming indeed implicate a common 
mechanism, then it is unclear why the former is unreliable, but the latter is. 
Role of Individual Differences in Masked Priming 
The majority of the word recognition literature continues to rely on measures of 
group-level performance, which seems to support the (unlikely) assumption that the lexical 
processing system is uniform across individuals. However, an increasing number of 
researchers have begun to consider the influence of individual differences on word 
recognition performance. For example, as discussed earlier, Yap et al. (2009) demonstrated 
that the joint effects of priming and frequency were moderated by vocabulary knowledge. 
Related to this, Yap et al. (2012) also showed that participants with more vocabulary 
knowledge were less sensitive to the influence of lexical variables. These findings are 
generally consistent with the lexical quality hypothesis perspective (Perfetti & Hart, 2001), 
which says that as readers acquire more experience with written language, the quality of their 
lexical representations (in terms of specificity and redundancy) increases. As their lexical 
quality increases, they become more reliant on relatively automatic lexical processing 
mechanisms and are consequently less influenced by word characteristics or contextual 
influences. 
In the present study, I investigated the relationships between lexical quality (as 
reflected by performance on vocabulary knowledge and spelling measures) and masked 
repetition and semantic priming. Unsurprisingly, there was no relationship between masked 
semantic priming and individual differences. Basically, given the unreliability of masked 
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semantic priming, one would not expect it to correlate with any other measure. However, 
masked repetition priming was associated weakly but positively with spelling and vocabulary 
knowledge, and this was seen across a range of analyses. These results suggest that higher-
quality lexical representations allow for more precise and quicker identification of the prime 
stimulus. Therefore, related primes are able to provide a greater head-start which increases 
the magnitude of repetition priming (Hutchison et al., 2014; Yap et al., in press).  
The present results could also be seen as consistent with a study by Andrews and 
Hersch (2010), which showed that spelling ability moderated masked neighbour priming 
effects for four-letter targets from low- or high-density orthographic neighbourhoods. A 
neighbour prime is a word that is a word that is one letter different from the target (e.g., jury 
– FURY). The most intriguing finding from Andrews and Hersch (2010) comes from the 
condition where participants make lexical decisions to targets with many neighbours. Here, 
the presentation of a neighbour prime (e.g., jury – FURY) is facilitatory (i.e., faster RTs 
relative to an unrelated control) for poor spellers but inhibitory (i.e., slower RTs relative to 
the control) for good spellers. For good spellers, lexical representations are very precise, and 
the prime (e.g., jury) is able to facilitate activation of only jury, while suppressing activation 
of competing alternatives (e.g., fury) thereby inhibiting target response. For poorer spellers, 
the prime activates both the target word as well as orthographically similar neighbours, which 
explains the facilitatory masked neighbourhood priming effect for such participants. Tying 
this back to the present study, good spellers are associated with larger masked repetition 
priming effects because the prime mainly activates its lexical representation. On the other 
hand for poorer spellers, the activation is less precise and is spread over multiple competing 
representations. Of course, this is speculative and needs to be verified in future empirical 
work. 
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Limitation and Future Directions  
 In this paper, I mainly focused on individual differences in spelling and vocabulary 
knowledge. However, given the compelling evidence that semantic priming mechanisms can 
also be modulated by individual differences in AC (Hutchison, 2007), it will be interesting to 
assess the influence of AC on masked repetition priming performance. Additionally, 
repetition priming is only one type of form priming. The literature describes many other ways 
in which form primes can be manipulated, such as neighbour primes (e.g., jury – FURY) and 
transposed-letter primes (e.g., slat – SALT). The study by Andrews and Hersch (2010) 
discussed earlier reported how masked neighbour priming effects were systematically 
moderated by spelling ability and it will be interesting to see how individual differences 
extend to other types of masked form priming. 
 Conclusions 
In the present study, I examined the test-retest and split-half reliabilities of automatic 
repetition and semantic processing under masked conditions. In line with the findings from 
Stolz et al. (2005) and Waechter et al. (2010), I found that automatic semantic priming is 
unreliable whereas automatic repetition priming is reliable. Additionally, I examined the 
extent to which masked repetition and semantic priming effects are predicted by theoretically 
important measures of individual differences such as vocabulary knowledge and spelling 
performance. I found that skilled readers are associated with larger priming effects, but that 
this pattern holds only for masked repetition, not semantic, priming. Collectively, the results 
of this study have shed more light on the relationships between the quality of lexical 
representations, masked priming phenomena and measures of individual differences. 
Researchers who use priming as a tool to study individual and between-group differences 
should also keep reliability in mind when designing experiments. 
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Appendix A: Prime, Target, and Nonword Stimuli Used in the Experiment 
 





NW Prime Target 
Prime 
NW Target NW 
amaze AMAZE torso AMELD dinner SUPPER folk MOPPER 
apple APPLE anger ALGRE home HOUSE life HOUCH 
awful AWFUL visit AUTUL hate LOVE deal LOKE 
bake BAKE mill BANT mine YOURS bikini JOURS 
bank BANK pack BAPE cold HOT lead HOH 
barn BARN link BAFT her HIM guy HIB 
beast BEAST prime BEASH exhale INHALE frigid INMULE 
beige BEIGE suede BIEGE scream YELL moving YOLL 
being BEING every RAING dryer WASHER sniff GAFTER 
bird BIRD whom BILD needle THREAD trauma THROED 
bite BITE tape BINT happy SAD ready SED 
bold BOLD rank BOZE strong WEAK bright WEAF 
bomb BOMB firm BOLK old NEW else NEY 
bone BONE pink BONK false TRUE wheel PRUE 
brass BRASS goose BRATE run WALK saw WAMB 
bruise BRUISE crunch BROUSE actor ACTRESS chat AYTHESS 
brush BRUSH charm BRUNG north SOUTH slight SOUPE 
build BUILD large BIELD enter EXIT angel EYIL 
bulb BULB quiz BUDD tear RIP mail RIN 
burn BURN sold BUFT positive NEGATIVE speak WOCATIVE 
cake CAKE rose CALE book READ none REAS 
catch CATCH lunch COTCH down UP next UD 
ceiling CEILING massage BUILING son DAUGHTER about RANCHTER 
cell CELL rain CEST many FEW way FEL 
chew CHEW fuel PREW angry MAD apart MAL 
chief CHIEF split CHEEF alive DEAD hurry DEAP 
chord CHORD strut CHURD dawn DUSK pause DUBE 
clown CLOWN theme SPOWN good BAD purpose BAP 
coat COAT ship COUT because WHY problem GHY 
code CODE file COTH wife HUSBAND growth HEDBAND 
damp DAMP sung DAPE exact PRECISE aside PREVASE 
death DEATH smart WEATH buyer SELLER hook RULLER 
deer DEER sole DEIR first LAST their LALS 
dew DEW sly DAW beach SAND brown SATH 
dirt DIRT four DILT increase DECREASE eye DECLEARE 
doll DOLL punk DORS strange WEIRD through WOARD 
doubt DOUBT earth DOUGE hear LISTEN done WESTEN 
draw DRAW butt TRAW summer WINTER heaven GUNTER 
dream DREAM floor DROOM upstairs DOWNSTAIRS surprise DARMSTAIRS 
drink DRINK trust PLINK cow MILK map MOLK 
drop DROP desk DRAP careful CAUTIOUS control CAWTHOUS 
elbow ELBOW organ EMTOW picture FRAME country FRACE 
enemy ENEMY policy IMERY bee STING mug STICH 
error ERROR vital ERTYR coral REEF lotus FEEF 
evict EVICT mimic EVOVE feel TOUCH work TOUTH 
fair FAIR kiss FALM city TOWN able TAWN 
fake FAKE rent FALT when WHERE both WHERS 
fall FALL list FOLL over UNDER happiness ONNER 
fence FENCE trunk FEDGE west EAST box EAMS 
film FILM join FIRP close OPEN point OBAN 
fist FIST soil WIST push SHOVE wire SHOGS 
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foam FOAM bled FOAN cab TAXI hug FAZI 
fold FOLD dock FORN shirt BLOUSE betrayal PLOUSE 
fruit FRUIT range CRCUIT sit STAND bit STAPE 
glove GLOVE chart GLONE alligator CROCODILE marijuana FRUGODILE 
grape GRAPE batch FLAPE sick ILL sent ELL 
grass GRASS patch GRAME dark LIGHT mess LIGHS 
groan GROAN bulge GROAR poor RICH feet RITH 
group GROUP knock  CLOUP lion TIGER fund FIKER 
grow GROW risk GROB garbage TRASH burner TRAND 
hawk HAWK grey HAUD lemon LIME fraud LILE 
help HELP wish HERP dry WET cry WUT 
hour HOUR sort HEER monkey APE letter ALS 
howl HOWL brow HORL fork SPOON market GROON 
injure INJURE kennel INBUTE swamp MARSH source MAIFS 
iron IRON self IBIN uncle AUNT blew AINT 
keep KEEP hand REEP minimum MAXIMUM spell SUCIMUM 
leap LEAP coin LEEP prince PRINCESS each CHINGESS 
learn LEARN piece LEARD nephew NIECE jersey NEECE 
least LEAST still LOUST pen PENCIL ray MUNCIL 
long LONG grab LOSH chair TABLE threw FADLE 
mate MATE bare MALS answer QUESTION moment DRESTOUN 
meat MEAT rush MEAR time CLOCK move CLONK 
melt MELT vast MELS in OUT owe OUX 
metal METAL humor MUDAL stupid DUMB potassium DURF 
meter METER alter PELER conditioner SHAMPOO formidable SHIMPOU 
mile MILE pet MIRK high LOW glad LOX 
motel MOTEL lobby MOLET circle SQUARE pot SQUAMS 
nice NICE name NIME plus MINUS flew PINAS 
nose NOSE card NOSS lightning THUNDER technique KNONDER 
ocean OCEAN pizza OSIAN salt PEPPER make RUPPER 
octopus OCTOPUS mascara UTROPUS deep SHALLOW boss CHALLAW 
opera OPERA widow UTERE gold SILVER baby SETVER 
order ORDER relax URBER doctor NURSE figure NURGE 
pass PASS wear PARN cause EFFECT drive EFFATH 
past PAST save PUST die LIVE win MIVE 
plane PLANE crime PLANG major MINOR heavy MIDUR 
plank PLANK snore SCANK cigarette SMOKE advantage SMODE 
poem POEM buzz MOEY scratch ITCH squeeze OTCH 
poker POKER moral MIKER cat DOG cap DOB 
pole POLE ward POWN rough SMOOTH spoke SMOOZE 
pond POND pier POLS asleep AWAKE arrest AWOPE 
pound POUND pitch POULT coffee TEA police DEA  
quart QUART trend QUAFT found LOST initial LORS 
quiet QUIET broke SWIEL fast SLOW luck SLOY 
rat RAT bay RAK  hard SOFT gone SUFT 
razor RAZOR logic RAKAR far NEAR sight NEAS 
red RED six HED fright SCARE sprung SCAVE 
rifle RIFLE cigar PIGRE even ODD senior OHN 
ring RING kick RINT girl BOY change POY 
robe ROBE worm RUBE buy SELL lie RELL 
roll ROLL lord RULL foot SHOE land SHOU 
sane SANE pale SABS day NIGHT lot NILKS 
screw SCREW cream SCROW right LEFT county LELD 
sharp SHARP sweat SHARF hammer NAIL while NACE 
shiny SHINY alien GRANY above BELOW honor BESOP 
shop SHOP boat GROP loser WINNER candy WENDER 
sing SING beer SILE bathroom TOILET thousand LOYLET 
sink SINK tone SIVE father MOTHER settle MUNTER 
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sleep SLEEP prove SLEEN borrow LEND pregnant LEWS 
slum SLUM lint GRUM broom SWEEP brake SNEEP 
smell SMELL stuck SKELL black WHITE phony WHISS 
smile SMILE court SMIDE mirror REFLECTION screen REWRITTION 
soap SOAP flip MOAP male FEMALE behold LEMAIN 
sorry SORRY haven PORTY verb NOUN stranded NOUD 
soul SOUL neck SOOL eat FOOD fun FOUD 
soup SOUP clue SOOP innocent GUILTY island GEARSY 
spin SPIN deaf SPON understand COMPREHEND difficult COMPREKAME 
spray SPRAY float SPRAW forward BACKWARD drug BACKRAND 
stale STALE stack STADE remember FORGET liquid HORSET 
stare STARE shore STANG less MORE safe MURE 
start START since STAFT grandma GRANDPA frankly GRANDSO 
steal STEAL cross STOAL road STREET cute STREED 
stick STICK shall STIVE half WHOLE fact WHOPE 
stiff STIFF creep STITH drawer DRESSER cruise PLEDGER 
store STORE wall STONG begin END buddy EMP 
story STORY paper PROCY add SUBTRACT mud SACTRACT 
stove STOVE slick STONK different SAME chocolate SIME 
study STUDY total STOKY always NEVER people GEWER 
suit SUIT size SEET go STOP try STOB 
sunday SUNDAY repeat PUNSAY small BIG clean BIX 
tale TALE lane TARK give TAKE soon TOKE 
taunt TAUNT gripe TASPS king QUEEN wild QUEEM 
tense TENSE blond TELVE artery VEIN origin VIEN 
that THAT play QUAT full EMPTY lose ERDRY 
thin THIN swim THIP best WORST fine WORCE 
those THOSE these THOSS today TOMORROW sunk TOCARROB 
throw THROW sense THRAW here THERE talk THURE 
tick TICK mode FICK short TALL state TAWS 
topic TOPIC label TUMIC outside INSIDE cashier INSACE 
tree TREE fish SLEE hurt PAIN turn PARM 
truth TRUTH young TRUPE arm LEG act HEG 
upset UPSET offer OBSET caring LOVING foster LETING 
virus VIRUS cycle VICIS arrow BOW alpha BOL 
vodka VODKA fluid VULKA cup SAUCER bus SAXFER 
vote VOTE plug VOSE back FRONT line FRANT 
vowel VOWEL clump VAMEL off ON own OM 
wage WAGE prop WAPT sour SWEET cord SWEED 
wager WAGER holly GAPER bread BUTTER crash DETTER 
watch WATCH might WASTS early LATE gulp LARS 
water WATER party GANER erupt VOLCANO agile VURPANO 
weigh WEIGH aisle WEICH no YES sky YED 
whale WHALE feast WHADE top BOTTOM deny CUTTOM 
wheat WHEAT dodge WHEET loose TIGHT cast TIVED 
wine WINE bear WINT allegiance PLEDGE accomplice PLEDES 
wool WOOL raft WOOB after BEFORE hello BEFETE 
world WORLD guess WONDE annoy BOTHER acute BUOYER 
wound WOUND stone WOUCH choose PICK search PIVE 
yard YARD snow YTHE corn COB fort COC 
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Appendix B: Items Used in the Spelling Recognition Test 
Correctly Spelled  Incorrectly Spelled 
   
ATTITUDE  CRITISISM 
POLITICAL  BENAFIT 
AVAILABLE  REFRENCES 
APPRECIATE  MISARY 
INDEPENDENT  PSYCOLOGY 
CHRONICLE  ADDMISSION 
SENIOR  TOUNGE 
SUFFICIENT  MATERILISITC 
EFFICIENCY  SEPERATE 
COURTESY  IMPLIE 
MORTGAGE  GOVENMENT 
CONSEQUENCE  BASICLY 
SUSPICIOUS  PRIVALEGE 
INSURANCE  SIEZE 
GUITAR  PROSEDURE 
ELEMENTARY  CONVEINIENT 
SACRIFICE  IMMINANT 
COMMITMENT  DECRIPIT 
FORFEIT  FULLFILL 
DISTINGUISH  ANNIHLATE 
BACHELOR  INQUIREY 
ANNUAL  SINCIRELY 
SEVERE  EQUIVICAL 
INSATIABLE  GAURANTEE 
EXHIBITION  DELECATE 
INTERROGATE  NECESSCARILY 
HAVOC  ANNOUNCMENT 
CONSCIENTIOUS  OCCURENCE 
PARALLEL  PARTITIONINING 
INTERPRETATION  ASURE 
BUREAUCRACY  IMPORTENT 
NEGOTIATE  MISSELANEOUS 
PROLIFERATE  CURICULUM 
POLLUTION  PLAGARISM 
PERMANENT  ACOMPLICE 
SUBPOENA  APLAUSE 
RENDEZVOUS  ATTENTSION 
ACCOMMODATION  HONERABLE 
SUBTLETY  CLASSAFIED 
INHIBITION  VIGILENT 
ASSESSOR  RECIEPT 
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